Process based cognitive trainings (PCTs) and novelty interventions are two traditional ap proaches aiming to prevent cognitive decline and dementia. However, both have their limita tions. PCTs improve performance only in cognitive tests similar to the training tasks with inconsistent transfer effects on dissimilar tests. We argue that this learning specificity is due to a low training task variability. Novelty interventions are characterized by a high task variability but do not target specific processing demands affected in aging and dementia. To overcome the limitations of both approaches, we developed a process based novelty interven tion using a card and board game based training approach. Here, we use highly variable tasks, which overlap in targeted processing demands ("overlapping variability" framework). An other nontraditional training approach combines cognitively with physically challenging tasks to induce multimechanistic effects, which might even interact positively. Initial results of both synergistic approaches indicate their potential to enhance broad cognitive abilities and prevent dementia.
INTRODUCTION
As the world population ages, costs of dementia are expected to double within the next 40 years (Hurd et al., 2013) . Effective interventions to prevent dementia are urgently sought after. Currently, no preventive or curative pharmacological therapy for dementia exists (Daviglus et al., 2011; Plassman et al., 2010) ; however, a vast and steadily growing literature suggests cognitive health benefits from engaging in mentally challenging activities (see, e.g., Verghese et al., 2003; Wang et al., 2013) and physical activities (see, e.g., Smith et al., 2010; Sofi et al., 2011; Weuve et al., 2004) . Here, we review interventional studies on mentally challenging activities, excluding studies on pure physical activities such as aerobic (Kramer et al., 1999; Smith et al., 2010) and resistance exercise (Nagamatsu et al., 2012) . We conclude that currently used cognitive interventions, namely, novelty interventions and process-based cognitive trainings (PCTs), did not tap specific processes or showed only inconsistent transfer effects on cognitive tests dissimilar to the training tasks, respectively. Addressing these limitations, the rationale for a synergistic processbased novelty intervention is presented, followed by initial results that indicate improvement in executive control. Finally, the rationale and cognitive effects of physically demanding novelty interventions are depicted.
EFFECTS OF CHALLENGING MENTAL ACTIVITIES
Evidence from prospective observational studies suggests that the risk for dementia is reduced in individuals who engaged in challenging mental activities over the whole lifespan (see Munn, 2010, and Sachdev, 2006 , for a meta-analysis and a systematic review). Individuals who were raised with multiple languages (Bialystok et al., 2007; Craik et al., 2010; Perquin et al., 2013) , acquired a high educational level and a high occupational status (Valenzuela and Sachdev, 2006) , or engaged in mentally challenging leisure activities (e.g., playing board games and musical instruments, Verghese et al., 2003) showed a better cognitive development (see Wang et al., 2012 , for a recent review).
At the same time, observational studies have the downside that causal attributions cannot be made, as attribution of effects to nonmeasured confounding variables and reverse causality (cognitive impairments lead to reduced activities) cannot be excluded (see Eriksson Sörman et al., 2013) . Experimental studies, on the other hand, allow for the causal interpretation of effects. Furthermore, their interventional nature enables the evaluation of theory-driven interventions, for example, cognitive training instead of unspecific mental activities.
Two approaches within cognitive interventions seem most promising and will be outlined in more detail in the succeeding text: novelty intervention and processbased cognitive training (PCT).
Novelty intervention is defined as a program which enables participants to engage in difficult, novel tasks offering a high variability but generally not targeting specific processes. Thus, it induces a mismatch of functional organismic supply and task demands (see Lövdén et al., 2010) in multiple unspecific processes. Often, these interventions are intrinsically motivating, related to real life and implemented in a social context (e.g., Carlson et al., 2008; Cheng et al., 2013; Klusmann et al., 2010; Mortimer et al., 2012) . Cognitive leisure activity (Stern and Munn, 2010) , complex mental activity (Valenzuela et al., 2007; Wilson, 2011) , and engagement intervention (Park et al., 2007) depict similar concepts.
Based on Gates and Valenzuela (2010) , we define PCT as a repeated practice on standardized and theory-driven tasks. Similar to novelty interventions, PCTs induce a supply demand mismatch but not in unspecific but in specifically targeted processes. This mismatch is not maintained by introducing novel tasks but by the adaptation of difficulty to participants' performance in repeatedly practiced tasks. Similar concepts include cognitive exercise (Gates and Valenzuela, 2010) or process training (Lustig et al., 2009 ).
Novelty interventions
Experimental animal studies on the effect of environmental enrichment (see van Praag et al., 2000 , for a review and Li et al., 2013 and observational studies in humans suggest the importance of novelty for brain health (Angevaren et al., 2007; Eskes et al., 2010; Fritsch et al., 2005) . For example, Fritsch et al. (2005) tested the role of novelty-seeking activities from ages 20 to 60 in predicting Alzheimer's disease (AD) using a case-control study design. By running a factor analysis on 16 activities, a novelty-seeking factor was extracted, composed of indicators such as the frequency of learning new skills, taking up new hobbies or learning about a new subject. More frequent engagement in novelty-seeking activities significantly reduced the odds ratio for AD even after adjusting for other predictive factors such as age, education, and occupational status (odds ratio ¼ 0.25; 97.5% CI: 0.139 0.443; p < 0.001).
These studies stimulated interventional studies on beneficial cognitive effects of exposure to novelty. For example, Klusmann et al. (2010) compared healthy older adults unfamiliar with computers who were randomized to a 6-month computer course (75 sessions; 90 min each) or to a passive control group. The computer course was composed of novel tasks such as writing, playing, calculating, e-mailing, drawing, image editing, or videotaping, to name just a few. Participants who attended the computer course significantly improved in tests of episodic memory and executive function, compared with the control group. Various other interventions exposing participants to novel, multifaceted mental tasks such as playing strategy video games (Basak et al., 2008; Glass et al., 2013) and multiple other kinds of video games (Oei and Patterson, 2013) ; a diverse range of cognitive and perceptual motor activities (Tranter and Koutstaal, 2008) ; convergent and divergent problem solving in groups (Stine-Morrow et al., 2008) ; volunteering to help children with reading achievement, classroom behavior, and library support (Carlson et al., 2008) ; participating in individualized piano instruction (Bugos et al., 2007) ; and engaging in group discussion (Mortimer et al., 2012) showed beneficial effects on cognitive outcomes. On the contrary, there are also a few studies failing to find any effect from action and strategy video gaming (Boot et al., , 2013 . In contrast to the studies mentioned earlier, Cheng et al. (2013) investigated the potential to improve cognition in people with dementia rather than in healthy individuals. Participants in the intervention group played the Chinese tile-based game mahjong for 1 h, 3 days a week for 3 months, while the active control group was engaged in simple handicraft for the same duration. Six months after treatment completion, the mahjong group differed by 4.5 points (95% confidence interval: 2.0 6.9; d ¼ 0.48) on the MiniMental State Examination from the active control group. To our knowledge, no experimental study investigated the effects of a pure novelty intervention on incidence of dementia. Thus, conclusions as to whether these cognitive benefits translate to a delay of dementia onset cannot be drawn. Taken together, novelty interventions showed promising and rather consistent effects on cognitive outcomes, indicating enhancement of cognitive ability. Nevertheless, the tasks used in novelty interventions did not tackle specific processes affected in aging and dementia, such as executive control processes (see Fig. 1 ). PCT addresses this issue.
Process-based cognitive trainings
A recent meta-analysis from Hindin and Zelinski (2012) reliably showed improvements of PCTs on untrained cognitive test performance. These beneficial effects were found for different types of PCT such as visual (Wolinsky et al., 2013 ) and auditory processes (Zelinski et al., 2011 ) and higher-order process training such as task switching (Karbach and Kray, 2009 ) and working memory training Klingberg et al., 2005) . However, the crucial question is whether those improvements in assessed outcomes represented improvements in a broad cognitive ability or only the acquisition of task-specific skills (e.g., stimulus response mappings or strategies). There is an ongoing debate on this decisive question without consensus as of yet (see, e.g., Hulme and Melby-Lervåg, 2012; Li et al., 2008; Lövdén et al., 2013; Redick et al., 2013; Schmiedek et al., 2010; Shipstead et al., 2010 Shipstead et al., , 2012 . In the following, we explain why this question is still open to debate despite a vast amount of studies.
Conclusively answering the ability/skill question is hindered because of methodological aspects. In the following, these aspects are shortly addressed before study results are reviewed. Next to the lack of appropriate control conditions (e.g., Schmiedek et al., 2010) , outcome abilities were frequently not assessed by multiple tests of the targeted cognitive ability (e.g., Jaeggi et al., 2008, and see, e.g., Shipstead et al., 2012 , for the same argument). Maybe the most important methodological aspect is that the cognitive tests shared peripheral task characteristics with the training tasks (e.g., Dahlin et al., 2008a) . Thus, not only improvements in the targeted processes may have contributed to the effects but also lower-order processes not representing the broad cognitive ability (see, e.g., Shipstead et al., 2012) . The similarity between training and transfer measure is rather subjective, and judgments are difficult as a thorough description of the training tasks as well as an analysis of the relation between the training and transfer tasks was often missing (e.g., Shatil, 2013 , and see Lövdén et al., 2013 , for the same argument). Finally, the measurement of neurofunctional and neurostructural outcomes could reveal whether the performance improvements in cognitive tests were mediated by the targeted processes. This field is still in its infancy and does not show consistent patterns which allow conclusive interpretations (see Buschkuehl et al., 2012 , for a review).
FIGURE 1
Traditional cognitive intervention approaches. Novelty interventions or PCTs depict the most promising traditional cognitive interventions. Novelty interventions are challenging through difficult novel tasks, include a high variability of tasks, but target only unspecific cognitive processes, thus leading to broad transfer but only small improvements in unspecific abilities. PCT is challenging primarily through task difficulty adaptation to participants' performance, targets specific processes, but traditionally implements only a small variability of training tasks, thus leading to large effects on trained tasks but only very limited transfer on the cognitive ability level. Limitations of traditional approaches are depicted in italic and bold letters.
Several studies addressed at least some of the mentioned methodological aspects. While some results suggested cognitive ability enhancement by improvements in multiple outcomes tapping the same cognitive ability (Smith et al., 2009; Wolinsky et al., 2013) , others did not (Borness et al., 2013; Colom et al., 2010; Li et al., 2008; Redick et al., 2013; Schneiders et al., 2011 Schneiders et al., , 2012 Stephenson and Halpern, 2013; Thompson et al., 2013) . A similar mixed picture arises from studies that assessed cognitive tests substantially dissimilar to the training task. While some studies found positive effects Jaeggi et al., 2008 Jaeggi et al., , 2010 Karbach and Kray, 2009; Klingberg et al., 2002 Klingberg et al., , 2005 Schweizer et al., 2011 Schweizer et al., , 2013 Zhao et al., 2011) , others did not (Ball et al., 2002; Barnes et al., 2013; Bergman Nutley et al., 2011; Borness et al., 2013; Brehmer et al., 2012; Buschkuehl et al., 2008; Dahlin et al., 2008b; Jaeggi et al., 2011; Li et al., 2008; Redick et al., 2013; Thompson et al., 2013) .
A study by Schmiedek et al. (2010) used both multiple tests for a single cognitive ability and outcomes with task characteristics substantially different to the training tasks. The large sample size even allowed the use of latent difference score models to extract latent factors representing broad cognitive abilities. Only the lack of an active control group hindered interpretation of results. The intervention group, in contrast to a passive control group, engaged in 100 days of processing speed, episodic memory, and working memory training and showed small improvements on broad cognitive abilities such as fluid intelligence and episodic memory in younger adults. In older adults, however, improvements were only found on a latent factor, which was based on tests with a high overlap of training and test task characteristics. Improvements in latent factors, which were based on dissimilar tests, were not significant, indicating that in older adults, improvements were limited to taskspecific skills (see Dahlin et al. (2008a) for similar differential age-related transfer effects). Even a more pessimistic view arises with respect to a recent working memory training study, which used appropriate control groups, multiple assessments for each cognitive ability, and cognitive tests dissimilar to the training tasks (Redick et al., 2013) . No differential effect was found as a function of treatment group.
A strategy avoiding the earlier-mentioned methodological problems with regard to the ability/skill debate is the direct measurement of incidents of dementia. To our knowledge, only one recent study published results regarding this outcome (Unverzagt et al., 2012) . In this study, which comprised more than 2,800 participants, none of the three short-term cognitive interventions (including one PCT) were able to reduce the hazard ratio (HR) for dementia during the 5 years of follow-up, compared to a passive control group (nonadjusted HR: 0.9; 95% CI: 0.65 1.24 and adjusted HR: 1.00; 95% CI: 0.71 1.40 of all interventions combined).
Conclusion
Overall, observational (e.g., Fritsch et al., 2005) and experimental studies (e.g., Klusmann et al., 2010) have shown beneficial effects of exposure to novelty on cognitive functions with only a few exceptions (e.g., Boot et al., 2013) . In contrast to PCT, the training tasks applied in novelty interventions have no obvious similarity to cognitive outcome tests, allowing a straightforward interpretation of results. However, to our knowledge, no study investigated the effect of novelty interventions on the incidence of dementia. Furthermore, novelty interventions provided rather unspecific processing demands, thus not tackling specific processes, which are particularly prone to deterioration in aging and dementia (see Fig. 1 ). It seems reasonable that interventions targeting these specific processes might be more effective.
PCT aims to address this issue by targeting perceptual (e.g., Mahncke et al., 2006a ) and higher-order cognitive abilities such as working memory (e.g., Buschkuehl et al., 2008) or task switching (e.g., Karbach and Kray, 2009) . Regarding the efficacy of PCTs, we conclude that several methodological issues leave room for different interpretations of observed effects (see also Shipstead et al., 2012) . There is abundant evidence that PCTs improve task-specific skills, but most decisively, it seems that the potential for improvement exists even on the level of broad cognitive abilities (e.g., Jaeggi et al., 2010; Wolinsky et al., 2013) . However, this potential seems to be exploited only to a very limited degree with current training programs, especially in older adults (see Fig. 1 , Schmiedek et al., 2010, and Dahlin et al., 2008a) . Therefore, new synergistic training approaches are needed, which enable both the targeting of specific processes shown to deteriorate in aging and dementia and a generalization to the level of broad cognitive abilities rather than task-specific skills.
RATIONALE AND EVIDENCE FOR SYNERGISTIC APPROACHES
Beneficial effects of traditional interventions such as novelty interventions and PCTs may be improved by two synergistic approaches: the combination of novelty interventions with (1) a process-based or (2) a physically demanding element. First, the process-based novelty interventions aim to overcome limited effects on broad cognitive abilities while enabling process specificity. Second, the previously discussed generalization effects of novelty interventions might be enhanced by additive or synergistic effects of an integrated physical activity component.
Process-based novelty interventions
In the following, we propose a new cognitive intervention approach, which targets specific processes while overcoming learning specificity, that is, only cognitive tests that were similar to the training tasks improved consistently (see Fig. 2 ). After we discuss the processes that are worth targeting to delay the onset of dementia, we point to the overarching phenomenon of learning specificity in various fields of learning. Furthermore, we present results demonstrating that high task variability counteracted this phenomenon. The differential neuronal underpinning of learning effects induced by variable and constant practice protocols will be outlined before we review how the concept of task variability is implemented in currently used PCTs. Finally, we present the "overlapping variability" framework of effective cognitive interventions and its implementation in our newly developed process-based novelty intervention using card and board games.
Tackling specific processes
Executive control (Park et al., 2002) on the behavioral level and the dorsolateral prefrontal cortex (dlPFC) on the neuronal level are particularly affected by the aging process (Raz et al., 2005) . Next to memory impairment, decline in executive control is a core symptom of dementia. In line, synaptic integrity is affected in the frontal lobe of individuals with high AD pathology (Arnold et al., 2013) . Interestingly, disrupted synapse integrity was only found in individuals suffering from dementia symptoms but not in those with resilient cognition despite high AD pathology (Arnold et al., 2013) . Furthermore, increased neural density and cortical thickness in the dlPFC seem to mediate the mental activity-induced protective effect on dementia (Valenzuela et al., 2011) . Those studies indicate that improving executive control and its underlying neural substrate can delay the onset of dementia even in the presence of AD pathology. We want to stress that other processes such as visual (Unverzagt et al., 2012; Willis et al., 2006; Wolinsky et al., 2013) , auditory (Mahncke et al., 2006a,b; Smith et al., 2009; Zelinski et al., 2011) , and memory processes (Jennings and Jacoby, 2003; Lustig and Flegal, 2008 ) might be additional potential targets for the prevention of dementia.
Overcoming learning specificity
As reviewed in the previous section, PCT not only addressed the issue of process specificity but also led to learning specificity. This indicated that improvement in an underlying ability did not or only to a limited extent occur. In line with Green and Bavelier (2012) , we propose an "overlapping variability" framework (see Fig. 2 ) to induce changes on the cognitive ability level. According to that framework,
FIGURE 2
Process-based novelty interventions. In contrast to previous process-based approaches, the new approach targets a specific process, for example, executive control, by using a high variability of training tasks with overlapping processing demands ("overlapping variability" framework). It thus enables broad transfer on specific cognitive abilities. Strengths of this synergistic approach are depicted in bold letters.
plastic changes can be induced in broad cognitive abilities by variable practice regimes, which overlap in the targeted processing demands while excluding overlap in demands on lower-order processes. That means that the targeted processing level on which the different tasks overlap is the one where plastic changes take place but only if all lower-order processes are varied. The framework that we outline in the following section can be applied to a wide range of processes including perceptual and motor processes.
Learning specificity as an overarching learning principle
The phenomenon of learning specificity is encountered beyond PCT. Examples range from auditory learning (Lively et al., 1993) , visual learning (Ahissar and Hochstein, 1997) , motor learning (Proteau, 1992) , avoidance learning (Adolph, 2000) , and knowledge acquisition (Barnett and Ceci, 2002) . Interestingly, learning specificity is so strong that even contextual factors that normally go along with impaired cognitive performance, for example, alcohol intoxication, can improve memory performance, if learning and recall occur in the same intoxicated state (Goodwin et al., 1969) : intoxicated participants who drank $270 ml of 80-proof vodka showed better performance in recalling items in contrast to sober participants, when both had learned those in an intoxicated state. Taken together, specific task characteristics, states, and contexts in which learning occurs have a strong impact on transfer tasks (see also Green and Bavelier, 2012) .
Variability of practice enhances generalization
Beginning already in the 1970s, research in motor, verbal, and perceptual learning revealed that learning specificity can be overcome by using a variable practice protocol (see Schmidt and Bjork, 1992 , for a review). Although variable practice, in contrast to constant practice, generally decreased the rate of training task improvements, it increased performance on transfer tasks.
Regarding perceptual learning, for example, Lively et al. (1993) demonstrated that Japanese listeners were able to improve in an identification task between the English consonants /r/ and /1/ presented by a single speaker. However, if an unfamiliar speaker presented the words, they performed significantly worse, indicating learning specificity for the single speaker. In another experiment, words were presented not by a single but by five different speakers during learning. Participants successfully learned to differentiate /r/ and /1/ words. Decisively, if the words were produced by yet another novel speaker, a decline in identification performance was not evident at all.
Further evidence for transfer after variable practice comes from observational studies (Angevaren et al., 2007; Eskes et al., 2010) . For example, Eskes et al. (2010) found that a higher amount of different mental activities, but not a higher frequency of engagement in activities, was associated with better overall cognitive function. We might speculate that different mental activities have shared processing demands, which are improved by these activities and allow transfer to novel tasks.
What is the differential neuronal underpinning between these specific and generalizing effects?
Neural underpinning of variable and constant practice effects
It is logical that improvement in higher-order processes induces transfer on other tasks, while improvement in lower-order processes is very specific to the task (see psycho-anatomy logic, Ahissar and Hochstein, 2004) . As variable practice leads to enhanced transfer of learning, higher-order processes should be responsible. Decades after the first findings on variable practice effects on transfer tasks (Schmidt, 1975) , neural mechanisms underlying this phenomenon were revealed (Ahissar and Hochstein, 2004; Kantak et al., 2010) . Indeed, results suggest that plastic brain changes of variable and constant practice occur at different hierarchical processing levels. Kantak et al. (2010) discovered in a motor learning paradigm that retention performance after variable practice was affected by repetitive transcranial magnetic stimulation (rTMS)-induced interference in the dlPFC, but not by rTMS interference in the primary motor cortex. This indicates that effects of variable practice were attributable to higher-order processing, which are assumed to be dependent on the dlPFC. In contrast, interference in the primary motor cortex was exclusively detrimental for retention performance after constant practice, indicating reliance on lower-order processes in constant practice learning. This finding fits well with behavioral and physiological studies in the visual domain, suggesting that initial training involves high-order brain areas Hochstein, 1997, 2004) ; with increased expertise and task difficulty, neural substrates of learning shift to lowerorder areas, even including the primary visual cortex (Schoups et al., 2001) .
Furthermore, we argue that investigations of the neural processing in multilingualism shed some light on the role of task-overlapping higher-order processes as a function of the variability of practice. Speech acquisition in early and late bilinguals might be regarded as a model for variable and constant training regimes, respectively. Technically speaking, early bilinguals were exposed to a variable training protocol in early childhood, while late bilinguals initially learned only a single language (constant practice protocol) before they learned the second language later in life. According to transfer and higher-order effects of variable practice, early bilinguals should create an overlapping higher-order processing system for multiple languages enabling them to integrate and learn novel languages faster. Late bilinguals should develop a network that processes language information on a lower order and should thus not be able to integrate a newly learned language. In fact, a functional magnetic resonance imaging study demonstrated that early bilinguals represented both languages in a shared, overlapping brain area (Kim et al., 1997) , while in late bilinguals, the two languages were represented by adjacent but distinct areas (see also Bloch et al., 2009 , for further evidence supporting this notion). Furthermore, the organization of the shared network seemed to facilitate transfer to novel languages, as it was repeatedly shown that bilinguals learn a novel language faster than monolinguals (see Cenoz, 2003 , for a review). Taken together, variable practice with shared processing demands seems not only to induce plastic changes in higher rather than lower processing networks but also to induce task-invariant higher-order processing capabilities. These processing networks could then be utilized also by subsequent novel tasks. On the behavioral level, this seems to be reflected by transfer effects on tasks never encountered before. On the other hand, constant or repeated practice on the same task appears to redistribute the involved processes from higher-to lower-order networks (e.g., Kantak et al., 2010) , thus enabling fast learning and highly efficient processing of these tasks but without transfer to dissimilar ones (Schmidt and Bjork, 1992) . What can be deduced from these studies to the training of executive control?
As mentioned earlier, we conclude that the training of a variety of tasks rather than the constant practice of a single task yielded better transfer to subsequent untrained tasks. This seems to be accompanied by higher-order processing networks able to efficiently process demands of a wide variety of tasks. With regard to executive control, we propose that training of variable tasks tapping overlapping executive control processes enhances a shared frontoparietal control network, thus leading to an improvement even in dissimilar tasks, which tap these task-invariant processing capabilities (see Duncan, 2010 , proposing the existence of such a common frontoparietal processing network). On the other hand, repeated practice on a single or a limited amount of executive control tasks will induce initial plastic changes in higher-order processes followed by a shift to plastic changes in increasingly lower-order processing levels. This may be reflected by fast improvements on the training task but with only very limited transfer to dissimilar tasks.
Variability in process-based cognitive trainings
But how is variability of practice implemented in current training programs targeting executive control processes? With regard to the phenomena of learning specificity in repeated practice of the same task, it is astonishing that current PCT studies used interventions that included only a very limited amount of task paradigms. For example, some studies used only a single task paradigm (Jaeggi et al., , 2010 Schweizer et al., 2011 Schweizer et al., , 2013 or two task paradigms only varying in task content (Dahlin et al., 2008b ). Others used three task paradigms Olesen et al., 2003; Schmiedek et al., 2010) , four task paradigms (Brehmer et al., 2012; Klingberg et al., 2005) , or five task paradigms (Thorell et al., 2009) . Furthermore, not only the limited amount of tasks but also the similarity of them may limit generalization of effects. For example, in the study by Thorell et al. (2009) which found strong effects on near-transfer outcomes with mixed effects and generally smaller effect sizes on far-transfer measures the training program focused on visuospatial working memory trained with five different exercises. However, for all exercises, stimuli were presented with constant presentation times and interstimulus intervals and the participant had to accomplish the same general task, namely, to remember location and order of the stimuli.
Two studies mentioned explicitly to have used variable tasks to increase generalization of the effects (Dahlin et al., 2008a; Karbach and Kray, 2009 ). Karbach and Kray (2009) even manipulated variability systematically. Conditions included a task-switching training with and without task variability. However, Karbach and Kray (2009) did not induce variability by novel task-switching paradigms but by novel dimensions between which participants had to switch. That is, the constant taskswitching group had to switch only between the dimensions "transportation" and "number," while the variable training group also needed to switch between several additional dimensions such as "plant" and "color" or "animal" and "direction." The variable training group outperformed the nonvariable conditions in the neartransfer outcome. In this outcome test, exactly the same task as during the training sessions was administered but with novel, untrained switching dimensions. There was no differential group effect between the variable and constant task-switching conditions in far-transfer measures of intelligence, working memory, or interference. We assume that variability of task paradigms rather than of stimulus dimensions is decisive for far transfer. A rule of thumb may be that the variation level must be equal to the transfer level. For example, varying speakers in an identification task may induce transfer on new speakers in this identification task. Varying stimuli dimensions in a task paradigm may induce transfer on new stimuli dimensions in this paradigm. That means that a variation in task paradigms within a specific ability is needed to induce a "farer" transfer on a new paradigm within this specific ability.
A study by Dahlin et al. (2008a) supports this idea: their 5-week training intervention (45 min, three sessions/week) consisted of a single running span paradigm with five different kinds of stimuli and a keep-track task. A numerical n-back task and a Stroop task were assessed as a near-and far-transfer measure, respectively. fMRI served to investigate neuroplastic changes mediating transfer effects. Despite the fact that the Stroop and the training task activated a shared frontoparietal network at the baseline assessment, no transfer effect was found. Only the similar neartransfer n-back task improved as a function of training group. Strikingly, this near-transfer effect was only evident in young adults, while no improvement was found in older adults. As a number running span task was part of the training, the training and the near-transfer task were identical regarding the kind of stimuli used and differed slightly only by the response format (recalling the last four numbers as soon as the presentation list ended vs. indicating whether each presented item matched an item that appeared three items back). The similarity of training and near-transfer task and the absence of transfer effects to the far-transfer Stroop task suggest that plastic brain changes occurred at a lower-order level only. Indeed, pre post changes in the fMRI revealed a pattern of activation redistribution from higherto lower-order brain areas during the training task: while the activation in striatal, temporal, and occipital areas increased, frontal and parietal activation decreased. The striatal activation also increased during the near-transfer n-back task and was interpreted as the mediating area for the transfer effect. Those results allow different interpretations, but clearly, the higher-order frontoparietal network did not mediate the near-transfer effects.
Taken together, the variation of stimulus dimensions improved performance on the near-transfer but not the far-transfer outcome measures, indicating some generalization effect, however only on that level where variation took place. This interpretation is in line with the shift from higher-to lower-order processing in a training task after 5 weeks of a repeated practice protocol (see Buschkuehl et al., 2012 , for a comprehensive review of training-induced neuronal effects).
In conclusion, repeated practice of a single task leads to a shift from higher-order to lower-order processing (see Ahissar and Hochstein, 2004 , concluding the same in the perceptual domain), whereas generalization seems to be promoted by high task variability (see Schmidt and Bjork, 1992 , concluding the same for motor and verbal learning). On that background, it seems surprising that pervious training programs aiming to improve working memory, shifting, or inhibition applied only a very limited amount of tasks, which shared most task characteristics. We suggest that enhancing variability of training tasks (not only of stimuli material but also of task paradigms) while targeting specific executive control processes enhances generalization on the cognitive ability level (see Fig. 2 ).
"Overlapping variability" framework
Process-based novelty interventions implement three components necessary to induce far-transfer effects on broad cognitive abilities (see Fig. 2 ). According to the framework by Lövdén et al. (2010) , a prolonged mismatch between functional supply and environmental demands is a prerequisite to induce plastic change. This component is part of almost all PCTs. In contrast to the common procedure to induce challenge by difficulty adaptation in repeated tasks, we suggest to use primarily novel tasks of appropriate difficulty to achieve this aim. This method enables the application of the "overlapping variability" framework, which comprises the other two training components of this approach: First, high task variability represents a prerequisite for generalization and improvements on the ability level (see also Green and Bavelier, 2012 ). This component is usually not found in current PCTs, but implemented in novelty interventions. Second, specific processes should be targeted based on knowledge regarding their neuronal basis and their age-and dementia-related changes. Novelty interventions are currently not emphasizing this component, in contrast to PCTs. Hence, the combination of variable tasks with a targeted approach, which makes use of overlapping processing demands of superficially dissimilar tasks, is the main difference of this new approach from traditional PCTs and novelty interventions (see Figs. 1 and 2) . We want to stress that the "overlapping variability" framework contrasts with multidomain trainings (see, e.g., Cheng et al., 2012) as in process-based novelty interventions, only a common processing demand is targeted and not several independent processes such as episodic memory, reasoning, and visuospatial ability. Though we focused on executive control processes, this framework can be applied to several other ones ranging from perceptual to motor and language processes.
Nourishing intrinsic motivation
As detailed earlier, challenge and task variability seem to be two decisive factors for healthy brain development and prevention of dementia. Exposure to novelty inherently goes along with both. Interestingly, the same concepts are a key point in Ryan and Deci's (2000: p. 70 ) definition of one of the most influential concepts in psychology: intrinsic motivation "the inherent tendency to seek out novelty and challenges, to extend and exercise one's capacities, to explore, and to learn [. . .] . From the time of birth, children, in their healthiest states, are active, inquisitive, curious, and playful." From an evolutionary perspective, there should be an unconditional predisposition to strive for factors that increase fitness. Moreover, Ryan and Deci (2000) not only stressed the natural tendency of humans to strive for challenge and variability but also proposed its value for cognitive development and psychological well-being.
Therefore, novelty interventions seem to fit well to nourish intrinsic motivation by providing an environment which comprises the basic ingredients to elicit feelings of interest and curiosity. In which way is intrinsic motivation functional for interventions? First, intrinsic motivation determines the environment people choose (guiding function), allowing long-term adherence to interventions. Second, the motivationassociated psychological states such as interest and curiosity have been shown to go hand in hand with the activation of the neuromodulatory control system a central regulatory system for the facilitation of plastic brain changes (plasticity facilitation function; see, e.g., Bao et al., 2001 , for the role of dopamine). For example, it has been shown that curiosity is associated with activation of caudate regions, which are innervated by dopaminergic neurons and part of the neuromodulatory control system. Curiosity during learning was associated with improved recall one to two weeks later, indicating its plasticity facilitating effect (Kang et al., 2009 ).
Implementation in a novel game-based intervention: Results from a pilot study
This novel intervention aimed to implement the "overlapping variability" framework, which was embedded in a socially meaningful context. We used card and board games as the vehicle for the development of variable and challenging tasks while tapping shared executive control processes based on the unity/diversity framework of Miyake et al. (2000) . After thorough cognitive task analyses, we included a total of 15 games including self-developed and off-the-shelf games tapping all components of executive control. While some games stressed a single executive control component, others involved all components to a similar degree. We selected games with a minimal amount of rules, allowing for a quick start of the game and restricting the amount of strategies which can be used to accomplish the task. For optimally nourishing intrinsic motivation, not only challenge and novelty were provided but also a socially meaningful context, which allows the fulfillment of the need for relatedness (Ryan and Deci, 2000) .
In a single-blinded randomized controlled pilot study, we tested this intervention to enhance cognitive functions in community-dwelling older adults. Participants (N ¼ 17) were randomized to a gaming group (n ¼ 9; 7 females; mean age ¼ 70.4) and a control group (n ¼ 8; 6 females; mean age ¼ 69.8). The groups did not differ significantly in age, gender, or years of higher education, ps > 0.80. The 5-week training protocol (three times per week) emphasized variability of practice by playing three games in every 2 h training session. In every other session, two alreadyintroduced games ($30 min each) and one game never played before ($1 h) were applied. That means every game was played not more than three times and 2 h in total. Overall, participants completed 30 training hours within 15 sessions.
Outcome measures were selected on the basis of the methodological prerequisites for the assessment of broad abilities rather than task-specific skills (see Section 2.2). Aiming to assess multiple measures of executive control dissimilar to the training tasks, three computerized tests assessing inhibition (flanker task, Stahl et al., 2013) , switching (Stahl et al., 2013) , and updating (Oberauer et al., 2000) were applied. Additionally, two complex executive control tests, namely, the Standard Progressive Matrices (Raven et al., 1990 ) and the Culture Fair Test 20-R (Weiß, 2006) , were used. The primary outcome operationalizing executive control was calculated by averaging the standardized single-test scores. Despite the small sample size, linear mixed effect modeling revealed a marginally significant Group Â Session interaction effect, F(1,15) ¼ 4.39, p ¼ 0.054, net effect size, 0.53 SD (see Fig. 3 ), indicating performance improvement in the intervention group compared to the passive control group. While the gaming group improved performance in executive control (0.46 SD, p ¼ 0.04), performance in the passive control group did not change (À0.06 SD; p ¼ 0.70). The use of a passive rather than an active control group limits the interpretation of effects. Nevertheless, a marginally significant improvement of the gaming group, in contrast to the control group, in a broad measure of executive control composed of tests dissimilar to the training tasks was revealed. The result indicates improvement in executive control, that is, a broad cognitive ability, overcoming often observed learning specificity. Intervention effect. Change of executive control (standardized) from pre-to posttraining as a function of intervention group in a pilot study of a process-based novelty intervention using card and board games. While the waiting-list control group (dark triangles) remained stable, the intervention group (white squares) significantly improved, resulting in a marginally significant group Â time interaction. Arrows represent standard errors. Statistically significant effects are marked by asterisks: * p < 0.05.
Physically demanding novelty interventions
In the following, we present a rationale for the combination of novelty interventions with a physical activity component, which is based on two arguments: First, the combination might induce multimechanistic effects appropriate for a multicausal disease such as dementia. Second, both components may interact in a way that we term "guided plasticity facilitation". Thus, this extended novelty interventions might induce additive or synergistic effects by the integration of a physical activity component.
Tackling multiple mechanisms
Dementia is a multicausal disease (see Olde Rikkert et al., 2006, for a review). For optimal prevention, it is plausible to tackle different pathological mechanisms by multiple approaches (Gillette-Guyonnet et al., 2009 ). Physical and cognitive activities have shown differential effects on disease progression in animal models (e.g., Wolf et al., 2006) . Furthermore, these multiple pathogenic mechanisms and, hence, the preventive interventions may be dependent upon person-specific characteristics. Indeed, there is evidence that cognitive effects of physical, social, or cognitive activity interact with such characteristics, including genetic polymorphisms such as APOE genotype (Head et al., 2012; Luck et al., 2013; Niti et al., 2008 ), brain-derived neurotrophic factor (BDNF) Val66Met polymorphism Kim et al., 2011) and dopamine-related genes Brehmer et al., 2009; Pieramico et al., 2012) as well as baseline levels of growth factors such as VEGF , gender (see, e.g., Baker et al., 2010; Kåreholt et al., 2011) , or personality traits such as neuroticism . If, for example, one population profits most from physical activity due to a certain BDNF polymorphism Kim et al., 2011) , APOE genotype (Head et al., 2012; Luck et al., 2013; Niti et al., 2008) , or gender (Baker et al., 2010; Kåreholt et al., 2011) , a second population profits most from social activity due to personality traits (see Wang et al., 2009) or gender and a third population benefits most from cognitive activity due to dopamine-related polymorphisms Brehmer et al., 2009) , the averaged effect across all populations would be best in a combined intervention of all the three types of activity. Such a combination of activity types is given in certain leisure activities such as dancing or Tai Chi.
Guided plasticity facilitation
In addition to addressing various potential mechanisms by a combination of physical and cognitive activity, there is increasing evidence that the combination of both exercise types may have synergistic effects (see Kraft, 2012 , for a review). While physical exercise may "facilitate plasticity," cognitive activity may "guide" the plastic changes (see Fig. 4 ). Exercise-induced plasticity facilitation was shown by enhanced precursor cell proliferation in the hippocampus (Fabel et al., 2009 ) and increased synaptic plasticity such as long-term potentiation (Van Praag et al., 1999) . BDNF seems to be one potential mediator of plasticity facilitation effects of exercise as exercise induces BDNF production (e.g., Neeper et al., 1995; Rasmussen et al., 2009) . BDNF, in turn, is known for its potential to increase synaptic transmission, synaptic plasticity, and synaptic growth (see Lu et al., 2013 , for a recent review). Indeed, the learning and memory-enhancing effects of exercise were shown to disappear after blockage of the BDNF-binding receptor TrkB (Vaynman et al., 2004) .
Cognitive activity, on the other hand, may "guide" this facilitated plastic potential by (1) a survival-promoting effect on exercise-induced newborn cells (Fabel et al., 2009) and (2) the regulation of synaptic change by time-dependent neural activity (see Hebb, 1949) . For example, Trachtenberg et al. (2002) demonstrated experience-dependent synaptic plasticity. Experience-induced neural activity seems to guide elimination and formation of synapses. Neurofunctional plastic changes were induced after PCT (see Buschkuehl et al., 2012 , for a review), which may be partly attributable to the experience-dependent synaptic turnover. Cognitive activity-induced plasticity was shown on not only the neurofunctional (see also Elbert et al., 1995) but also the neurostructural level (see, e.g., Draganski et al., 2004 Draganski et al., , 2006 Maguire et al., 2000; Takeuchi et al., 2011; Woollett and Maguire, 2011) . Overall, cognitive activity has consistently revealed plasticity-inducing effects by synaptic change and neurofunctional and neurostructural change. Kempermann et al. (2010) argued that these "guiding" and "facilitation" effects of cognitive and physical activity would be beneficial from an evolutionary point of view given the frequent coincidence of the necessity for learning and physical activity. For example, acquisition of new spatial representations is inherently bound to physical activity (disregarding video gaming).
Not only plasticity but also stability of the central nervous system is crucial for its function (Koleske, 2013) . It thus seems apparent that effects of physical activity on plasticity facilitation would be dysfunctional if they were not restricted to a certain time frame. In line with this notion, studies repeatedly reported an increase of peripheral BDNF during and within one hour after an acute bout of physical exercise followed by a reduction below baseline, indicating increased BDNF production and utilization after exercise (see Knaepen et al., 2010 , for a review). Therefore, facilitation of plastic mechanisms, for example, mediated by BDNF, might be most pronounced during or right after physical exercise. Indeed, Winter et al. (2007) demonstrated in humans that verbal learning and memory were improved after an acute bout of physical exercise, compared to a period of rest. Performance parameters of learning and memory were associated with peripheral BDNF and various
FIGURE 4
Guided plasticity facilitation framework.
catecholamine levels supporting their effect-mediating role. In line with this result, Roig et al. (2012) found that an acute bout of 20 min intense cycling immediately before and after a motor task, compared with a period of rest, improved retention of a learned motor skill 24 h and 7 days after practice. Interestingly, the effect of an acute bout of exercise after the motor task, in contrast to before practice, had even larger effect on retention 7 days after motor practice. Taken together, the timing of physical activity in relation to cognitive activity seems to be crucial in the "guided plasticity facilitation" framework (see Fig. 4 ).
Evidence
There is a growing evidence from observational studies indicating that engaging in a number of different types of activities ranging from cognitive to physical and social activities is able to reduce cognitive decline (Chan et al., 2005; Lee et al., 2009; Wang et al., 2013) or dementia incidence (Karp et al., 2006; Paillard-Borg et al., 2009; Verghese et al., 2003; Wang et al., 2002) . Interestingly, beneficial effects of leisure activity types on cognition follow a dose response relationship . For example, cognition declined over a 2-year period in participants engaged in low levels in all three activity types, while cognition was stable in participants who engaged in high levels in one activity type, and engagement in multiple activities even predicted cognitive improvement. In this, the different types of activities had differential effects on several cognitive domains. This result supports the rationale that multidomain interventions induce multimechanistic effects; thus, they may be best suited to address a multicausal disease. Karp et al. (2006) demonstrated that even dementia risk could be reduced by engaging in physical, social, or cognitive leisure activities and that the strongest effect was present in individuals who engaged in more than one type of activity. A dose response pattern of the number of different activity types including physical, cognitive, and social activity for dementia risk was also found in a study by Paillard-Borg et al. (2009) : high engagement in no or only one type of activity served as the reference group. High engagement in two types of activities reduced the risk by 34%, and high engagement in all three types of activities reduced the risk even by 49%. The combination of multiple lifestyle activities is decisive for prevention of cognitive decline and dementia and should be further investigated (see also Lee et al., 2009) . One leisure activity that is a good model for an integrative physical, cognitive, social, and emotional approach is dancing. In an observational study, Kattenstroth et al. (2010) demonstrated that long-time amateur dancers outperformed age-, education-, and gender-matched controls in reaction times, motor behavior, and cognitive performance, exhibiting the potential of this challenging, multicomponent activity.
However, as mentioned earlier, observational studies cannot exclude other interpretations of effects. So what does experimental evidence tell us about the effectiveness of a combined physical and cognitive approach?
Several interventional studies investigated the effect of combined physical and cognitive interventions on cognition (Barnes et al., 2013; Fabre et al., 2002; Legault et al., 2011; Oswald et al., 2006; Shatil, 2013) . Apart from the first two studies, which showed better effects of the combined approach (Fabre et al., 2002; Oswald et al., 2006) , the more recent studies could not show additional or synergistic effects of the combination of both interventions (Barnes et al., 2013; Legault et al., 2011; Shatil, 2013) . Those studies investigated the effect of combined interventions, but each component was separated in time from each other. As depicted in the rationale for the guided plasticity facilitation framework, simultaneous cognitive and physical activities might be crucial for interaction effects, explaining the negative findings.
Physically demanding novelty interventions provide simultaneous cognitive and physical activity (see Fig. 5 ). Indeed, there are several interventional studies which found beneficial effects on cognition for such a multimodal approach. For example, consistent and large improvements in cognitive outcomes were found in older adults allocated to a dancing intervention (Kattenstroth, Kalisch, Holt, Tegenthoff, and Dinse, 2013) , mind body exercises like Tai Chi (Mortimer et al., 2012) , theater play (Noice and Noice, 2009; Noice et al., 2004) , or "exergaming" (Anderson- Hanley et al., 2012; Maillot et al., 2012) , that is, physical exercise carried out in a mentally stimulating and motivating virtual reality environment. Mixed results, showing improvements in some cognitive tests but not others, were found by Pieramico et al. (2012) for a 1-year multimodal training program consisting of various activities and by Coubard et al. (2011) for a dancing intervention.
After a 6-month dancing intervention, elderly adults significantly improved in cognitive outcomes, such as attention and memory functions, compared to participants of an inactive control group (Kattenstroth, Kalisch, Holt, Tegenthoff, and Dinse, 2013) . Noice et al. (2004) compared the outcome of a 7-session theater course for healthy older adults not only to the one of an inactive control group but also to an active visual arts control group. The mentally and physically challenging theater course resulted in an enhancement in problem solving compared to both control groups and an improvement in episodic memory when compared to the inactive
FIGURE 5
Physically demanding novelty interventions. Dancing, Tai Chi, cybercycling, and theater arts depict examples of this combined physical cognitive approach. In contrast to traditional novelty interventions, they include physical demands in addition to highly variable, novel tasks and thus enhance the transfer to unspecific cognitive based abilities.
control group. Similar effects were found for the same intervention with older adults in retirement homes (Noice and Noice, 2009 ). Compared to physical training only, greater improvements were yielded by cybercycling, that is, cycling within a mentally challenging virtual reality environment (Anderson-Hanley et al., 2012) , and by Tai Chi (Mortimer et al., 2012) .
Finally, there is even initial experimental evidence that long-term Tai Chi training decreases the incidence of dementia, evaluated with the Clinical Dementia Rating (Lam et al., 2011 (Lam et al., , 2012 . However, this study had some limitations with respect to dropout rates, operationalization of dementia incidence, and baseline differences between groups. Therefore, caution is necessary in the interpretation of results.
To sum up, the evidence for physically demanding novelty interventions such as dancing, Tai Chi, theater play, or exergaming is promising. To elucidate whether the combination of activities is decisive, further research is needed comparing physically demanding novelty interventions with pure physical and novelty interventions. Also, more research investigating the potential for dementia prevention must follow.
CONCLUSIONS
Observational and experimental studies suggest that novelty interventions are effective behavioral means to delay cognitive decline (e.g., Eskes et al., 2010; Klusmann et al., 2010) and the onset of dementia (e.g., Fritsch et al., 2005) . However, this approach is rather unspecific, that is, it does not tackle specific processes shown to deteriorate in aging and dementia (see Fig. 1 ). PCT addresses this problem and has shown transfer effects on untrained cognitive tests. Crucially, however, consistent effects were only shown for cognitive tests sharing superficial training task characteristics, suggesting learning specificity with only limited transfer to broad cognitive abilities (see Fig. 1 , e.g., Redick et al., 2013; Barnes et al., 2013) . Based on a growing literature on biological and behavioral effects of variable practice, in contrast to constant practice, we propose in line with Green and Bavelier (2012) that low task variability of currently available PCTs is partly responsible for limited transfer (compare Figs. 1 and 2) . A process-based novelty intervention, using variable card and board games in a socially meaningful context, addressed this issue and showed initial evidence for an enhancement in the broad cognitive ability of executive control (see Fig. 3 ). Furthermore, rather small transfer effects of novelty interventions might be enhanced by engaging in novel challenging mental activities which also comprise physical demands such as dancing or Tai Chi (see Fig. 5 ). A mechanism of action of this multimodal approach may be guided plasticity facilitation (see Fig. 4) .
With respect to current evidence, we suggest four principles that behavioral interventions for the prevention of dementia should implement:
• Challenge: The training tasks should induce a mismatch of supply and demand (see Lövdén et al., 2010 ).
• "Overlapping variability": The training tasks should have a high task variability but a low variability in targeted processes. In other words, tasks should overlap in the targeted processing demands while relying on a diverse set of nontargeted lower-order processing demands (see Fig. 2 and Green and Bavelier, 2012 ).
• Multimodality: The training tasks should implement cognitive and physical demands (see, e.g., Kempermann et al., 2010; Kraft, 2012) in temporal proximity (see Roig et al., 2012 ).
• Meaningfulness: The training tasks and setting should provide elements that match the human tendency to seek for novelty while fulfilling basic needs of autonomy, relatedness, and competence (Ryan and Deci, 2000) . Thus, an engaging and personally meaningful environment necessary for long-term adherence should be provided (see, e.g., Carlson et al., 2008; Park et al., 2007; Lautenschlager and Cox, 2013) .
Novelty interventions are specifically powerful with regard to these four principles as they induce a mismatch of supply and demand, go along with high variability, and provoke interest and curiosity, that is, nourish intrinsic motivation (see Fig. 1 ). For even more beneficial effects, this approach may be implemented in a process-based or a physically demanding approach (see Figs. 2 and 5 ). According to a recent National Institute of Health consensus and state-of-thescience statement prepared by independent panels of public representatives and health professionals, no intervention can be recommended to delay dementia, as "the evidence is inadequate to conclude that any are effective" (Daviglus et al., 2010, p. 12) . We propose that no single type of activity such as cognitive or physical activity should be considered as a prevention technique. The focus should rather lie on a style of activity engagement, a composition of activities, or underlying effective factors such as novelty, variability, process overlap, and challenge. This is crucial as activities interact to produce their beneficial effects, which is clearly demonstrated by variable and constant practice protocols. Therefore, we propose that recommendations for single-activity types are inherently flawed. We come to an alternate conclusion for dementia prevention in recommending a lifestyle composed of both physical demands and novel challenging mental activities integrated in a socially meaningful context. This conclusion is based on the earlier-mentioned findings of novelty interventions and on the ratio of their potential costs and benefits: (1) potential emotional and financial benefits through dementia prevention are high on both a personal and a societal level, and (2) costs for engagement in such activities are with exceptions rather low.
For future interventional studies, we suggest that they should assess the most important outcome of interventions, which is the incidence of dementia. To accomplish this aim with clinically meaningful results, we are convinced that long-term intervention with high adherence is key (see Unverzagt et al., 2012) . Therefore, interventions should be personally meaningful to participants (see, e.g., Carlson et al., 2008; Lautenschlager and Cox, 2013) while nourishing intrinsic motivation. Thus, in the coming years, structured programs for the prevention of dementia might be experimentally validated allowing for widespread public recommendations and implementation in the health-care system (see Dehnel, 2013) .
